SUMMARY:
Eleven peaks were separated by Carboxymethyl-cellulose column chromatography of peptic digest of lysozyme. Being stronger in antigenic activity, two peaks of them, P-3 and P-9, were selected and purified further respectively by Amberlite IRC-50 and Sephadex G-50 column chromatography.
As the results , PP-3 and PP-9 were obtained each as a single peak. For estimation of their capacities to induce delayed-type hypersensitivity , the antigen-induced 3H-thymidine incorporation, the migration inhibition of peritoneal cells and the delayed-type skin reaction were tested in guinea pigs immunized with native lysozyme or any of its fractions.
PP-9 was almost as active as intact lysozyme in these capacities.
On the other hand, PP-3 showed a slight inhibition of migration of peritoneal cells and no stimulation of 3H-thymidine incorporation into the lymph node cells. Moreover, the delayed-type skin reaction elicited by PP-3 was always weaker than that elicited by PP-9.
Guinea pigs immunized with either PP-3 or PP-9 were also tested for these reactions.
PP-9 and native lysozyme elicited these reactions in guinea pigs immunized with PP-9, but PP-3 did not. On the other hand, PP-3 and lysozyme elicited these reactions in those immunized with PP-3, but PP-9 did not. The possibility of recognition of two functionally different areas, one for production of the circulating antibody and the other for induction of delayed-type hypersensitivity, on the lysozyme molecule was discussed.
INTRODUCTION
It has been reported that the antigenic site on a molecule recognized by immunocytes for production of humoral antibody is distinct from that for induction of delayed-type hypersensitivity with synthetic polypeptides (Schlossman, Herman and Yaron, 1969) , flagellin (Ichiki and Parish, 1972) and glucagon (Senyk et al., 1971) as immunogens. The results with flagellin and its acetoacetylated derivatives as immunogens showed no serological cross reactivity 152 YOKOMURO et HOMMA Vol. 29 between these antigens but a significant degree of cross reactivity was observed with respect to delayed-type hypersensitivity measured by the footpad swelling technique (Ichiki and Parish, 1972) . It was demonstrated with the enzymatically digested products of glucagon that the N-terminal area of the molecule was found to be the antigenic determinant for circulating antibody, while the C-terminal part was recognized by antigen-reactive cells (Senyk et al., 1971) . It was recently reported that there was cross reactivity between lysozyme and its reduced,, Scarboxymethylated derivative (CM-lysozyme) in delayed-type skin reaction, but not with respect to humoral antibodies (Thompson, Harris and Benjamini, 1972) . A similar observation was presented by the footpad swelling test in mice immunized with lysozyme or CM-lysozyme (Sugimoto et al., 1975) . The results observed between hen egg-white lysozyme and bovine a-lactoalbumine indicated a cross reaction with regard to the delayed-type hypersensitivity level but no cross reaction with each other on the circulating antibody level (Maron et al., 1972) . It was already shown by Shinka et al. (1967) and Fujio et al. (1968) that their fractions 7 and 17 isolated from the pepsin digest of hen egg-white lysozyme had an antigenic activity against rabbit antilysozyme serum. We also separated 11 fractions from pepsin-digested lysozyme by the same method as Shinka et al. (1967) . Our fractions PP-3 and PP-9 were correspond to their Fr. 7 and Fr. 17, respectively.
In this report, we will present the data demonstrating that PP-9 elicits strong delayed-type hypersensitivity, while PP-3 slight reaction in guinea pigs immunized with lysozyme. Based on the data, we will discuss the possibility that different sites on the lysozyme molecule are recognized by immunocytes for production of antibody and for elicitation of delayed-type hypersensitivity. Animals: Guinea pigs (300-400 g, strain Hartley, purchased from Shizuoka Jikken-Dobutsu Co., Shizuoka) were used throughout the experiments.
MATERIALS AND METHODS
Digestion of lysozyme and fractionation of the digest: Digestion of lysozyme with pepsin was performed by the procedures of Shinka et al. (1967) with slight modifications. One and half grams of lysozyme dissolved in 150 ml of 0.1 N HC1 (adjusted to pH 1.62 with 10 N NaOH) was added with 0.75 ml of a pepsin (twice crystallized and lyophilized; Shigma Chemical Co., St. Louis, Mo.) solution in saline at a concentration of 1.0 mg/ml. The mixture was incubated at 40 C for 80 min and then lyophilized. Migration inhibition test: The test was carried out according to the method of David, Al-Askari, Lawrence and Thomas (1964) with slight modifications. Guinea pigs were immunized with each antigen. In 13 days, 1 % starch-saline solution was injected into the peritoneal cavities of animals, and the peritoneal exudate cells were harvested in 3 days.
The cells were suspended in Eagle's medium containing 5% calf serum. Capillary tubes were filled with the cell suspension. The tubes were sealed and centrifuged for 5 min at 900 rpm. They were cut at the cell fluid interface and placed in Mackaness-type culture chambers. Chambers were prepared in triplicate. The chambers were filled with Eagle's medium containing 5% calf serum and the test antigen at various concentrations. The chambers were sealed and incubated for 24-48 hr at 37 C. Migration patterns were traced and the areas were measured. The results were expressed as per cent inhibition of migration in chambers containing the antigen in comparison with the migration of cells in chambers containing no antigen.
RESULTS
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HYPERSENSITIVITY WITH LYSOZYME DIGESTS 155 incorporation, both intact lysozyme and PP-9 were shown to stimulate the uptake of 3H-thymidine into the lymph node cells from the immune guinea pigs, while PP-3 did not show any significant increase (Table II) .
Location o f PP-3 and PP-9 in the Lysozyme Molecule
The amino acid compositions of PP-3 and PP-9 were analyzed to locate the two fractions within the lysozyme molecule. Table III shows the amino acid compositions expressed as moles of each amino acid residue per mole of each peptide. Glutamic acid and histidine were taken as the standards to calculate the amino acid composition for PP-3 and PP-9, respectively. The minimum molecular weights of peptide PP-3 and PP-9 were calculated to be about 5,400 and 4,800, respectively, from the results of amino acid analyses.
From these results it is reasonable to conclude that PP-3 corresponds to the region from Cys64 to Ala107 and PP-9 to the region from N-terminal Lysl to Asn27 and from Ala122 to C-terminal Leu129 in the amino acid sequence of egg-white lysozyme given by Canfield and Liu (1965 DELAYED  HYPERSENSITIVITY  WITH  LYSOZYME  DIGESTS  161 intact lysozyme, while PP-3 gave negative results in these examinations.
3) Standard deviation
The animals immunized with PP-3 gave positive reactions of delayed-type hypersensitivity against both PP-3 and lysozyme in a similar degree. However, they did not show any positive reaction against PP-9 as shown in ing inhibition of macrophage migration but not lymphocyte transformation (Chaparas et al., 1970) suggests another type of dissociation. From these results , S enyk mentioned that glucagon was cleaved by trypsin along functional lines into two parts, one housed the major antigenic determinant (N -terminal peptide) and the other carried the major immunogenic determinant (C -terminal peptide).
We may not conclude that our results on lysozyme coincide with the findings in glucagon (Senyk et al ., 1971) . No peptide from tryptic digest of glucagon could function as an immunogen in either antibody formation or delayed -type hypersensitivity, while both peptides , PP-3 and PP-9, from peptic digest of lysozyme were immunogenic . Moreover, it has been found that the main antigenic determinant for producing humoral antibody varied with guinea pig strains used for immunization. In some strains of Hartley , PP-9 gave clear evidence of the major antigenic determinant(s) and in another strain coming from a different colony, so did PP-3. The details will be given in a following report .
Both PP-3 and PP-9 have the immunogenicity for delayed -type hypersensitivity (Tables IV and V) , however it is noticeable that the activity of PP -9 in guinea pigs immunized with lysozyme is always stronger than PP-3.
Recent studies on the cellular immune responses to lysozyme and CMlysozyme showed extensive cross reactivity between them in contrast to the lack of humoral cross reactivity (Thompson et al ., 1972; Sugimoto et al., 1975) . We observed that N-terminal peptide obtained from PP-9 by reduction and S -carboxymethylation was almost as active as PP-9 in eliciting delayed -type hypersensitivity in animals immunized with lysozyme or PP-9 (the data will be given in a following report). These results suggest that the functionally active area may be a part of PP-9 and that it is possible to clarify the definitive determinant for inducing delayed-type hypersensitivity on the lysozyme molecule . The fact that lysozyme was able to provoke delayed-type skin reaction in guinea pigs immunized with PP-9 suggests that the intact lysozyme molecule is not necessary for inducing the immune response . Perhaps it is required at the level of antigenic determinants on lysozyme that the minimum , essential part i s not degraded prior to the induction of the immune response , as mentioned b y Schlossman et al. (1969) and Sela et al. (1967) . DELAYED HYPERSENSITIVITY WITH LYSOZYME DIGESTS 163
